To evaluate in patients with Crohn's disease, using transabdominal ultrasound, the morphologic characteristics of the diseased bowel wall before and after conservative surgery and to assess whether these characteristics and their behavior in the postoperative follow-up are useful and reliable prognostic factors of clinical and surgical recurrence.
Objective
To evaluate in patients with Crohn's disease, using transabdominal ultrasound, the morphologic characteristics of the diseased bowel wall before and after conservative surgery and to assess whether these characteristics and their behavior in the postoperative follow-up are useful and reliable prognostic factors of clinical and surgical recurrence.
Summary Background Data
Ultrasound is effective for evaluating the thickness of bowel wall, the most typical and constant finding of Crohn's disease. No data are currently available concerning the behavior of the diseased intestinal wall after conservative surgery and whether the preoperative characteristics of bowel wall or its behavior after conservative surgery may predict recurrence.
Methods
In 85 consecutive patients treated with strictureplasty and miniresections for Crohn's disease, clinical and ultrasonographic evaluations were performed before and 6 months after surgery. Assessed before surgery were the maximum bowel wall thickness, the length of bowel wall thickening, the bowel wall echo pattern (homogeneous, stratified, and mixed), and the postoperative bowel wall behavior, classified as normalized, improved, unchanged, or worsened.
Results
A significant correlation was found between a long preoperative bowel wall thickening and surgical recurrence. Bowel wall thickness after surgery was unchanged or worsened in 43.3% of patients; in these patients, there was a high frequency of previous surgery. Patients with unchanged or worsened bowel wall thickness had a higher risk of clinical and surgical recurrence compared with those with normalized or improved bowel wall thickness.
Conclusion
With the use of abdominal ultrasound, the authors found that the thickening of diseased bowel wall may unexpectedly improve after conservative surgery, and this is associated with a favorable outcome in terms of clinical and surgical recurrence. In addition to its diagnostic usefulness, ultrasound also provides reliable prognostic information concerning clinical and surgical recurrence in patients with Crohn's disease in the postoperative follow-up.
Crohn's disease (CD) is a chronic condition with an unpredictable course that is frequently characterized by a high rate of recurrence and in most patients a need for surgical treatment. Approximately 60% to 70% of patients require at least one surgical treatment, 1 often for bowel obstruction. In the past, wide resections have proved to be ineffective in preventing relapses, and repeated resective surgery can lead to malabsorption and short bowel syndrome in many instances. [2] [3] [4] [5] During the past decade, strictureplasty and new bowel-sparing techniques have therefore been proposed for the conservative treatment of intestinal strictures. 4,6 -9 The early postoperative results show that these techniques are effective and safe in terms of complications and death; further, long-term clinical and surgical recurrence rates are comparable with those observed after conventional resective surgery. 10 -12 However, despite these encouraging results, the clinical course of CD and the behavior of the diseased intestinal walls after conservative surgery have so far been little investigated.
Ultrasonography has recently been proposed as an accurate means of evaluating bowel walls in patients with CD. [13] [14] [15] [16] [17] [18] Several studies have shown that transabdominal ultrasound can detect transmural changes and the degree of thickness of intestinal bowel wall, 19 -21 and this technique is as accurate as barium radiology or scintigraphy in assessing the presence, location, and extent of inflammatory bowel disease, 15, 18, 21 particularly in bowel segments such as the ileum that are not easily to assess by endoscopy. It has also been shown that ultrasound can detect recurrences after "radical" surgical resections 22, 23 and the intestinal complications of CD. 24, 25 No study has yet evaluated the behavior of the thickness of diseased intestinal wall after conservative surgery in CD, or whether the presurgical ultrasound characteristics and postsurgical behavior of bowel wall thickness (BWT) have prognostic implications on clinical and surgical recurrences.
The aims of this study were to evaluate in patients with CD using transabdominal ultrasound the morphologic characteristics of the diseased bowel wall before and after conservative surgery and to assess whether these characteristics and their postoperative behavior are useful prognostic factors for clinical and surgical recurrence after conservative surgery.
METHODS
Between February 1994 and October 1998, 119 consecutive patients with complicated or therapy-refractory CD underwent surgery in the Department of Surgery, L. Sacco University Hospital, Milan. At admission a careful clinical history was taken, including age, gender, smoking habits, site and duration of disease, number of clinical recurrences, and type and number of previous surgery. The patients were entered in a prospectively maintained database that included patient presentation, indication for surgery, location of CD, type of surgery performed in our department, histopathologic findings, and postoperative medical treatment. Depending on the patient's status at presentation, the preoperative workup included electrocardiography, a routine blood test, and radiologic, endoscopic, and ultrasound studies.
Exclusion criteria were pure colonic location, primary indication for surgery other than intestinal stenoses (e.g., unresponsiveness to medical treatment, abscess, or fistula), and failure to obtain a preoperative ultrasound. The study was approved by the local ethics committee, and informed consent was obtained from all patients.
Ultrasound evaluations were performed before and 6 months after surgery. Postoperative recurrences were sought at 6-month intervals. Clinical recurrence was defined as symptoms related to CD, variably associated with radiologic, endoscopic, and laboratory findings, treated with a medium-high dose of steroids. Surgical recurrence was defined as the presence of medically uncontrolled disease or complications requiring a new surgical procedure (e.g., occlusive disease, intraabdominal abscesses, or high-flow fistulas). 11, 12, 26 Eighty percent of the patients were randomly assigned to postoperative treatment with mesalazine, azathioprine, or no medical therapy as part of another ongoing planned study.
The transabdominal ultrasonographic examinations were performed by the same physician (G.M.), who was aware of the diagnosis of CD and the previously performed surgical resection but unaware of the patient's clinical and biochemical data, type of surgery performed, and postoperative medical treatment. The decision to perform surgery and the choice of technique were always made regardless of the ultrasound findings.
Whole abdomen scans were carried out using a real-time scanner (Ecotron-Aloka Mod. SSD-680 Tokyo, Japan). An intestinal wall thickness of 4 mm or more was considered pathologic and was evaluated with respect to the maximum BWT. The preoperative ultrasound parameters considered were the maximum BWT, the length of BWT, and the bowel wall echo pattern. The maximum preoperative BWT has been used as a surrogate index for transmural inflammation in the involved tracts, [15] [16] [17] [18] [19] 27 and it was measured both longitudinally and transversely as previously described. 15, 18 To ensure that the maximum measurement was not incidental or due to an artifact, only the measurements that could be reproduced for bowel segments of no less than 4 cm long were considered reliable. In patients with more than one lesion, the greatest BWT value was used. In patients in whom the distribution of the intestinal loops made it possible, the preoperative length of BWT was measured in centimeters. The preoperative bowel wall echo pattern, which has been correlated with the degree of endoscopic and clinical activity, 16, 28 was classified into three groups: pathologic BWT with loss of stratification (homogeneous echo pattern), pathologic BWT with stratification (stratified echo pattern), and the coexistence of intestinal tracts with and without stratification (mixed echo pattern) ( Fig. 1 ).
In the postoperative assessment, only the BWT behavior (obtained by comparison of preoperative and postoperative BWT) was considered because of the possible changes that occur to the intestinal wall after a strictureplasty or a minimal bowel resection in terms of echo pattern and length of BWT, and because BWT is the most typical and constant finding of CD. 19, 20 Normalized (BWT Յ 4 mm) or improved BWT (reduction of Ն2 mm or 20% of preoperative value) and unchanged or worsened BWT (increase of Ն2 mm or 20% of preoperative value) after the 6-month follow-up were evaluated for their possible prognostic impact on clinical and surgical recurrences. A change of 2 mm was arbitrarily used because although good intraobserver agreement in BWT measurement has been reported in CD, 29 we considered that BWT changes of 1 mm were within the measurement variation that may occur in an individual patient.
The detailed indications and surgical techniques have been previously described. 6, 8, 11, 12 Briefly, the conservative surgical approaches adopted were strictureplasty, minimal bowel resection, and both. In the strictureplasty group, the Heineke-Mickulicz technique was used for short ileal strictures (up to 10 cm), whereas side-to-side ileoileal plasty, ileocecal plasty, and side-to-side ileocolic plasty were used to treat long ileal segments or stenoses arising near the ileocecal valve or a previous ileocolic anastomosis. The minimal bowel resections were intestinal resections without macroscopically disease free margins, with the removal of the intestinal segment with no residual lumen or a fistula arising from a stenotic segment or an abscess close to a stenotic segment.
Variable frequency was compared using the chi-square or Fisher exact test. Cumulative probability of clinical and surgical recurrences was estimated by the Kaplan-Meier method, stratified according to the behavior of BWT. Timeto-event differences were tested using the log-rank test. To assess the relative excess risk of events and to control for confounding factors, the Cox proportional hazards model, including age, duration of disease, and previous surgical treatment, were fitted, computing hazard ratios (heart rate) and the corresponding 95% confidence intervals (95% CI). The proportional assumption was examined with log-log survival plots or by adding time-dependent interaction terms to the model.
RESULTS
Of the 119 patients consecutively treated, 7 were excluded because no ultrasound evaluation was performed before surgery, 9 were excluded for indications other than stenoses, and 18 were excluded for pure colonic involvement. The remaining 85 patients included 38 women (44.7%) and 47 men (55.3%) with a mean age of 37.7 Ϯ 11.6 years and a mean CD duration of 81.3 Ϯ 72.4 months. Forty-seven patients (55.3%) were current smokers, and 47 (55.3%) had undergone previous surgery for CD. The mean number of clinical recurrences was 3. Table 1 ; no significant differences were found between the groups.
One patient was lost to follow-up, and it was not possible to repeat the ultrasound study 6 months after surgery in 11 patients. According to Kaplan-Meier function, the 3-year overall time-to-event estimates were 39% for clinical recurrence and 21% for surgical recurrence, with a median follow-up of 28.4 months (range 3-70). The 3-year time-toevent estimates by type of surgery were clinical recurrence 50% and surgical recurrence 26% for strictureplasty, 29% and 13% for minimal bowel resection, and 40% and 35% for the combined procedure. The log-rank test was not significant in any of the cases (P ϭ .3).
There were no differences in the preoperative BWT and echo patterns of the patients who did and those who did not have a recurrence, but patients with surgical recurrence had a slight but significantly longer preoperative BWT (P ϭ .04) ( Table 2) . BWT returned to normal or improved in 42 patients (56.7%) and remained unchanged or worsened in 32 (43.3%). In particular, it returned to normal in 15 of the patients who had undergone minimal bowel resection (62.5%), in 3 of those who had undergone the combined procedure (12.5%), and in 6 of those who had undergone strictureplasty alone (25%). The clinical and surgical characteristics of the population by BWT behavior are summarized in Table 3 . Among the demographic and clinical characteristics considered, the unchanged or worsened BWT was significantly more common in the patients who had undergone previous surgery (P ϭ .01). The 3-year Kaplan-Meier time-to-event estimates for the patients with an unchanged or worsened BWT and those with normalized or improved BWT are shown for clinical re- currence in Figure 2 and for surgical recurrence in Figure 3 (P ϭ .0001 and .002, respectively, log-rank test). The Cox proportional hazard model showed that patients with an unchanged or worsened BWT had a high risk of clinical (heart rate 9.98; 95% CI 3.48 -28.56) and surgical (heart rate 16.15; 95% CI 2.87-90.75) recurrence (Table 4 ).
DISCUSSION
Several risk factors for postoperative recurrences of CD have been proposed for their influence on the postsurgical outcome. 26,30 -35 However, there is still no general agreement, probably because of the heterogeneity of patient series, the lack of randomized controlled trials, and the wide differences in preoperative and postoperative medical treatment.
Transabdominal ultrasound has so far been used as a reliable tool in the diagnosis of CD in terms of activity, location, type of complications, and postsurgical recurrence, especially for those segments such as the ileum that cannot be easily assessed by endoscopy. 15,19 -22 The BWT is the most typical and constant aspect of the disease, and a good correlation between the degree of the BWT measured by ultrasound and the pathologic transmural changes of the bowel wall has been shown. 19, 20 Further, if the homoge- neous echo pattern has been correlated with a high degree of endoscopic and clinical activity, 16, 28 nothing is known about the prognostic implications of preoperative ultrasound characteristics of the bowel wall or their postoperative changes.
We found that the preoperative BWT was significantly longer in the patients with surgical recurrence, as in other large series of patients in which the extent of disease was associated with an increased risk of recurrence. 36 -38 Because the diseased bowel wall was completely or largely retained in our patients, one can postulate that this finding is related to the conservative type of surgery: in other words, the longer the diseased bowel wall left in situ, the greater the risk of relapse. Given the similarity of our findings measured using different diagnostic tools and after different surgical treatments, it can be postulated that the development of new stenoses or recurrences is not prevented by the amount of resected bowel. D'Haens et al 39 found that the radiologic appearance of patients with long preoperative bowel involvement measured at the time of recurrence was similar to that observed at baseline despite the fact that they had undergone resective surgery. Further, in a randomized controlled trial, Fazio et al 5 proved that the width of resection margins is ineffective in preventing recurrence, and it is worth remembering that the site of recurrence in most of the patients requiring reoperation after primary conservative surgery for CD is different and distant from the site of previous strictureplasties. 10 In this study, 43.3% of our conservatively treated patients had an unchanged or worsened BWT in the postoperative period. This seems to be a strong predictor of clinical and surgical outcome, because it is partially confirmed by the significantly higher frequency of previously operated patients in the unchanged or worsened group-almost as if the evolution of CD is worse in such patients.
Further, 56.7% of the patients had an improved or normalized BWT after surgery, regardless of the surgical procedure and postoperative medical therapy. The return to normal of BWT is much more surprising if we consider that thickened bowel wall can be observed in almost all the patients with active or quiescent CD, regardless of its clinical and biochemical activity. 15 Despite the different method used, our data concur with those of Poggioli et al, 40 who studied five patients undergoing a side-to-side enterocolonic anastomosis (an example of nonresective surgery such as strictureplasty). In these patients, colonoscopy and large-bowel enema performed 6 months after surgery revealed complete morphologic regression of the disease.
Alexander-Williams 41 has suggested that CD at a strictureplasty site probably improves because the release of the obstruction breaks a vicious cycle of bacterial overgrowth, increased intraluminal pressure with submucosal bacterial spread, ulcerations, and further scarring. In 89 patients with CD treated with ileal resection and then examined ileoscopically within 1 year of surgery by Rutgeerts et al, 42 the most powerful variable determining outcome was the endoscopic status of the neoterminal ileum. Our data relating to a similar follow-up period after conservative surgery shows that the ultrasound evaluation of the behavior of diseased intestinal walls may be a useful means of identifying the presence of a specifically aggressive CD pattern characterized by a higher frequency of surgical resections. 42, 43 In conclusion, although further studies are necessary to clarify the implications of these results in the indication for the use of a particular surgical technique or postoperative medical treatment, ultrasound seems to be an reliable, lowcost, reproducible, noninvasive tool in the postoperative follow-up of patients with CD because it allows the identification of those at high risk of clinical and surgical recurrence. 
